of NaCl 111 mM, KCl 1.9 mM, CaCl2 1.8 mM, NaHCO3 2.9pM and ethanol was added to the bathing fluid in a concentration of 2 to 8% (in volume per cent). The frequency of m.e.p.p.s in the toad was less than that in the frog in normal Ringer's solution (FIG.1) .
The frequency in the frog sartorius muscles was about 3 times normal in 1% ethanol-Ringer's solution and was about 7 times normal in 2% ethanol (OKADA, 1967a) . The frequency in 2% or 3% ethanol-Ringer's solution was in the range of 0.26-2.31/sec in the toad and 0. 41-31.70 In this experiment 90mM calcium chloride solution (approximately isotonic solution) was added to the bathing ethanol-Ringer's solution (10ml). When 0.1ml of 90mM CaC12 solution was added, the concentration of additional calcium was about 0.9mM. In the same way other divalent cations (MgC12, SrC12, BaC12) were added to the bathing fluid. Thus the osmotic pressure of the bathing solution after the addition of calcium or other divalent cations was not greatly altered and equivalent changes in the concentration of other ions in Ringer's solution produced little or no effect on the frequency of m.e.p.p.s.
M.e.p.p.s were recorded intracellularly from superficial muscle fibres as described previously (FATT and KATZ, 1952 OKADA, 1967a) and the frequency of m.e.p.p.s. was determined from photographed oscilloscope traces over a 3 to 10 min period in most cases.
RESULTS

Calcium and magnesium.
The frequency of m. e . p. p. s was increased when the concentration of calcium ion was raised from its initial level of 1 .8mM in ethanol-Ringer's solution.
On the other hand , it was decreased when magnesium ion was added to the bathing fluid .
When the frequency of m. e. p. p. s was increased after the addition of calcium to the bathing fluid, it was decreased by further addition of magnesium .
In 3% ethanol-Ringer's solution, the frequency was about a half of the control when 3.6 mM magnesium was added to the bathing fluid and the frequency was restored to the control level after further addition of 3 .6mM calcium (FIG.2) magnesium ion would be canceled by 1.8mM calcium ion. The frequency increased by the additional 3.6mM calcium was reduced to its original level after the concentration of the magnesium was raised to 3.6mM (FIG.3) . When 1.8 mM magnesium was first added to 3% ethanol solution, the frequency was reduced to about 80% of the control and when the concentration of the magnesium was increased to 3.6mM, the frequency was reduced FIG.4 to about 50% of the control. The level of the frequency in 1.8mM magnesium solution was approximately the same as that in 3.6mM magnesium which contained additional 1.8mM calcium (FIG.4) .
In the same way, 7.2mM magnesium was opposed to 7.2mM calcium in the frequency of m .e.p.p.s. The rate of the changes in the frequency caused by calcium and magnesium in the frog was approximately the same as that in the toad.
Strontium and magnesium. The frequency of m.e.p.p. s was increased when strontium ion was added to the bathing ethanol-Ringer's solution.
The rate of increase of the frequency due to strontium was approximately the same as that due to calcium in the same concentration.
The results show that when the solution contained 1.8mM strontium in the presence of 4% ethanol, the frequency of m.e.p.p.s was about 2 times control and when the concentration of the strontium was increased to 3.6mM, the frequency was about 3 times control. After further addition of 3.6mM magnesium to the bathing fluid which contained 3.6mM strontium, the frequency was reduced approximately to its original level (FIGs. 5 and 6). Concentration of strontium and magnesium added to the bathing fluid is indicated under each column.
R: control in ethanol-Ringer's solution. The result is shown from the left column: strontium was first added and magnesium was added furthermore.
The bathing fluid contained 4% ethanol in concentration throughout the experiment.
The frequency increased by 3.6mM strontium is reduced approximately to the control level after further addition of 3.6mM magnesium. Barium and magnesium. In the same way, the effects of barium and magnesium ions on the frequency of m.e.p.p.s were investigated in the presence of ethanol.
The frequency was not altered greatly by the addition of barium ions to the bathing fluid in the absence of ethanol (FIG.8A) nor in the presence of 3% or less ethanol (FIG.8B) .
In 4% or more ethanol-Ringer's solution, the frequency was increased by the addition of barium to the bathing fluid. The frequency increased by barium was decreased by further addition of magnesium.
FIGS. 8C and 9 show the relations between the frequency of m.e.p.p.s and the concentration of barium and magnesium. When 0.45mM barium was added to the bathing fluid, the frequency was about 3 times control in the presence of 4% ethanol and when the concentration of the barium was raised to 0.9mM, the frequency was about 7 times control. The frequency increased FIG.8. Changes in the frequency of m.e.p.p.s in toad caused by barium and magnesium in the presence of ethanol.
A: frequency in Ringer's solution in the absence of ethanol.
B: frequency in 3% ethanol-Ringer's solution. C: frequency in 4% ethanol . Ordinate (each bar): number of m.e.p.p.s over a 1 min period (A) , over a 10 sec period (B and C). Concentration of barium and magnesium added to the bathing fluid is indicated under each column. R: control in ethanol-Ringer's solution in B and C . The result is shown from the left column: in A and B, concentration of additional barium is increased gradually and in C, barium is first added and magnesium was added furthermore to the bathing fluid. In A and B , the frequency is not altered greatly by the addition of barium.
In C, the frequency increased by 0 .9mM barium is reduced to the control level after further addition of 5 .4mM magnesium. FIG.9 . Relation between the frequency of m.e.p.p.s and the concentration of barium and magnesium added to the bathing fluid in the presence of ethanol. Ordinate: frequency of m.e.p.p.s in relative value. Abscissa: concentration of barium and magnesium added to the bathing fluid. R: control in ethanol-Ringer's solution. Barium was first added and magnesium was added furthermore. The frequency increased by barium is reduced after the addition of magnesium. The bathing fluid contained 4% ethanol in concentration throughout the experiment. Each folded line represents a different experiment.
by barium was reduced approximately to its control level when 3.6 to 7.2mM magnesium was added to the bathing fluid which contained 0.9mM barium.
In the presence of 5% ethanol, the frequency which was decreased by first addition of 3.6mM magnesium, was restored to its original value after further addition of 0.45 to 0.9mM barium to the bathing fluid (FIG.10) . It is suggested that nerve impulse releases transmitter by causing a calcium complex to move across the nerve terminal membrane (DEL CASTILLO and KATZ, 1954) . It has been reported that in spontaneous activity, the mechanism of transmitter release is similar to that by the nerve impulse and that calcium and magnesium compete for the same site (HUBBARD, 1961; FIG.10 . Relation between the frequency of m.e.p.p.s and the concentration of magnesium and barium added to the bathing fluid in the presence of ethanol. Ordinate: frequency of m.e.p.p.s as per cent of control. Abscissa: concentration of magnesium and barium. Magnesium was first added and barium was added furthermore. R: control in ethanol-Ringer's solution. The frequency decreased by addition of magnesium is restored after further addition of barium. The bathing fluid contained 5% ethanol in concentration throughout the experiment. Each folded line represents a different experiment.
HUBBARD, JONES and LANDAU, 1967).
The results show that in the presence of ethanol, calcium, strontium or barium ion would compete with magnesium ion in a same manner in the mechanism of transmitter release.
DISCUSSION
It has been suggested that the m.e.p.p.s are of two types, one being calcium-independent and unrelated to the e.p.p.s, the other calcium-dependent and constituting the component units of the e.p.p.s, because calcium influences the amplitude of e.p.p.s caused by nerve stimulation but no consistent effect has been detected in the frequency of spontaneous discharges in amphibia (HUBBARD, 1961) .
In the present experiment, it has been clearly shown that in ethanolRinger's solution calcium ions do have an effect on the frequency of m. e.p.p.s in amphibia just as in mammals and that magnesium ions act as an antagonist to calcium ions.
It has been reported previously that alcohols and acetone accelerate spontaneous transmitter release and increase the amplitude of e.p.p.s and m. e.p.p.s (GAGE, 1965; OKADA, 1967a) . The effect of these substances would be related to the changes in the permeability of the membrane concerned with transmitter release. Namely the amount of calcium ion which penetrates to the nerve endings to release transmitter would be increased by alcohols and acetone and as the result, the spontaneous release of the transmitter would be accelerated.
In this experiment, it is shown that the frequency of m. e.p.p.s is increased further when the concentration of calcium is raised in ethanolRinger's solution and magnesium acts as an antagonist to calcium. The results that calcium and magnesium are effective on spontaneous transmitter release in the presence of ethanol but not in its absence would be easily explained by the theory mentioned above. The amount of calcium ion which penetrates to the nerve endings to release transmitter would be increased further when the concentration of calcium is raised in the presence of ethanol.
Magnesium ion which could not penetrate to the nerve endings in the absence of ethanol would also penetrate in the presence of ethanol to inhibit transmitter release. The frequency of m. e.p.p.s accelerated by high potassium ion concentration is decreased when the concentration of calcium ion in the bathing fluid is raised (ELMQVIST and FELDMAN, 1966) . The mechanism of the acceleration of spontaneous transmitter release produced by potassium would be quite different from that of ethanol (LILEY, 1956; TAKEUCHI and TAKEUCHI, 1961; GAGE and QUASTEL, 1965) .
It is suggested that magnesium ion competes with calcium ion at the receptor site in the process of the transmitter release (HUBBARD, 1961; DODGE and RAHAMIMOFF, 1967) .
It seems likely from the results that calcium and magnesium ions compete on a one-to-one basis in the mechanism of transmitter release because the frequency of m. e.p.p.s increased by additional calcium ion was restored to its original value by further addition of the same amount of magnesium ion and similar results were obtained when calcium ion was further added after the first addition of magnesium ion to the bathing fluid.
An early report has shown that strontium can replace calcium in the process of transmitter release (DODGE and MILEDI, 1967) . The result of this experiment in strontium and magnesium was approximately the same as that in calcium and magnesium.
The frequency of m. e. p. p. s was about 3 times control after addition of 3.6 mM strontium and was reduced to its control level when 3.6 mM magnesium was further added. The frequency, decreased by the first addition of magnesium , was restored to its control level after further addition of the same amount of strontium as magnesium.
It seems likely also that strontium and magnesium compete on a one-toone basis in the process of the spontaneous transmitter release . The result obtained in barium and magnesium is different from that in calcium and magnesium.
Barium ion had no effect on the frequency of m. e. p. p. s in 3% or less ethanol and increased the frequency in 4% or more concentrated ethanol. It seems likely that the permeability of the nerve endings is not great enough to penetrate the barium ion in low concentration of ethanol . Barium ion seems likely to penetrate to the nerve endings to release transmitter in 4% or more concentrated ethanol. In the present experiment, the frequency of m. e. p. p. s was about 7 times control in 4% ethanol-Ringer's solution after the addition of 0 .9 mM barium and was reduced to its control level when 3.6 to 7.2 mM magnesium was added further.
The frequency decreased by the first addition of magnesium was restored to its original value after further addition of one eighth to one fourth of barium in concentration.
These results show that one barium ion competes with 4 to 8 magnesium ions at the receptor site of nerve terminals in the process of spontaneous transmitter release. Barium ion has been reported to be able to replace calcium inconsistently in transmitter release at the nerve endings in amphibian muscles (MILEDI , 1966) and barium and strontium ions have been shown to be able to restore activity completely abolished by prolonged calcium deprivation in mammalian muscles (ELMQVIST and FELDMAN, 1965) .
In the present experiment, it has been shown that in amphibian muscles, barium can replace calcium consistently in the process of transmitter release in the presence of concentrated ethanol. According to the theory of the effect of alcohols mentioned above, it is suggested that the barium ion would be less permeable to the nerve terminals to release transmitter compaired with calcium, magnesium and strontium ions , but activity of the barium ion concerned with the acetylcholine release would be greater than that of these divalent cations.
